Objectives: To assess epidemiological and chronological trends of upper urinary tract stones in Japan in 2015.
Introduction
Urolithiasis is a multifactorial disease affected by lifestyle, nutritional status, climate and geographical factors. [1] [2] [3] Previous studies have shown that the incidence of urolithiasis has increased steadily since World War II in Japan with a Westernized lifestyle and dietary habits. 1, 4 Another prominent characteristic is that Japan is currently experiencing pronounced population aging, and it now has the highest proportion of older adults in the world. 5 These characteristics might affect the incidence and composition of urolithiasis.
A nationwide survey of urolithiasis has been carried out every 10 years for the past 60 years, and the related articles have been published since 1958. 1, [6] [7] [8] [9] [10] There were consistent trends showing increases in the incidence of upper urinary tract urolithiasis since the beginning of the nationwide surveys. This increase was thought to be caused by changes in environmental and nutritional factors, as well as the development of clinical diagnostic procedures.
In the current study, a nationwide survey of urolithiasis was carried out, and the epidemiological and chronological trends of upper urinary tract stones in Japan were evaluated.
Methods
All 1210 hospitals approved by the Japanese Board of Urology and the hospitals that carried out ESWL were enrolled in the present study in 2015. Patients who visited only private physicians or hospitals that were not approved by the Japanese Board of Urology were excluded. Most of the enrolled hospitals have >100 inpatients beds (including >15 beds in the urological department) or urological clinics with >50 inpatient beds.
The enrolled hospitals were asked through a mailed questionnaire to report on all outpatient visits, between 1 January 2015 and 31 December 2015, which resulted in a diagnosis of urolithiasis.
The diagnostic criteria for urolithiasis were defined as radiographic confirmation, ultrasound sonography or clinical diagnosis by urologists. Patients with only a history of stone passage (patients with no stones in 2015) were excluded from the study. The survey included questions about the age and sex of patients with stones, the locations of stones (upper or lower urinary tract or both), the presence of symptoms and whether stones had developed for the first time in that patient's life. All patients were counted regardless of whether they were hospitalized or received treatment. Treatment modalities for urolithiasis in the year 2015 were also investigated.
In addition to the survey, questionnaires to obtain more details about individual patients were administered, and the referral rate, the presence of symptoms, calculus compositions and other factors were investigated.
Patients with a first episode of upper urinary tract stones were counted to estimate the annual incidence. In addition, the number of patients with a first-episode urinary tract stone plus recurrent upper urinary tract stones was assessed. In case patients had both upper and lower urinary tract stones, they were counted as upper urinary stone formers. In case information regarding possession of both upper and lower urinary stones was missing, an average number of remaining data from the questionnaire was adopted.
To standardize the incidence of urolithiasis in individual periods, the age distribution of the population was adjusted based on the population of 1980.
The number of patients was separately estimated for hospitals classified into seven strata (indicated as i th -stratum in the following equation) according to the number of beds; 1-99, 100-199, 200-299, 300-399, 400-499, 500-999 and >1000 inpatient beds were stratified as i = 1, i = 2, i = 3, i = 4, i = 5, i = 6 and i = 7, respectively, as described previously. 1 The total number of patients in Japan was estimated using the following formula: total number of patients
ðnumber of patients reported in i th -stratumÞ Âðtotal number of beds in enrolled i th -stratum hospitalsÞ =ðtotal number of beds in respondent i th -stratum hospitalsÞ:
The data from the 1965-2005 nationwide surveys of urolithiasis in Japan were compared with the current data. 1, [6] [7] [8] [9] [10] The current study was approved by the institutional review board of Chiba University Graduate School of Medicine (approval number 1962). The current study was also approved by the institutional review boards of Kanazawa Medical University (approval number 226) and Osaka City University (approval number 2970). The study was carried out according to the Declaration of Helsinki as revised in Fortaleza, Brazil, October 2013.
Results

Numbers of enrolled hospitals and returned questionnaires
Questionnaires were mailed to 1210 hospitals in January 2015, and 459 hospitals responded. Of the responding hospitals, 207 approved the institutional questionnaire, 94 hospitals approved the individual and institutional questionnaires, and 158 declined to participate in the study.
Patients' data were finally obtained from 301 hospitals, including data from 79 003 patients from the institutional questionnaire and data from 21 341 patients from the individual questionnaire. Compared with the nationwide survey carried out in 2005, the number of hospitals enrolled in 2015 had decreased by 169, from 470 to 301, the number of patients obtained from institutions had decreased by 23 908, from 102 911 to 79 003, and the number of individual questionnaires had decreased by 9107, from 30 448 to 21 341. Overall, 70.3% of patients in the present study had symptoms. Table 1 shows the number of enrolled and respondent hospitals in this study. The total numbers of inpatient beds and reported patients were classified as the number of beds. The respondent hospitals accounted for 29.9% of the inpatient beds among enrolled hospitals. The number of patients with upper urinary stones per bed differed from 0.12 to 6.42 based on the hospital category ( Table 1 ). The estimated number of patients with a first-episode upper urinary tract stone in 2015 was 175 343, derived as follows:
Estimated total number of urolithiasis patients
Detailed information regarding the combination of firstepisode and recurrent upper urinary tract stones is shown in Table S1 . The number of patients with upper urinary stones per bed differed from 0.12 to 6.42 based on the hospital category.
Chronological changes in the annual incidence of upper urinary tract stones Table 2 shows the results for the annual incidence of upper urinary tract stones in 2015. The annual incidence of upper urinary tract stones was 137.9 per 100 000 in 2015. The incidence in men was 191.9, whereas the incidence in women was 86.9 per 100 000, with a male-to-female ratio of 2.2. After age standardization, the annual incidence fell to 107.8 per 100 000 (150.6 in men and 63.3 in women), which resulted in equivalent annual incidences in both male and female patients compared with that of 2005.
Regarding the combination of first-episode and recurrent upper urinary tract stones, after age standardization, the total annual incidence was also equivalent to that of 2005 (Table S2) . Table 3 shows the time trends in sex-and age-related annual incidence (per 100 000) of first-episode upper urinary tract stones from 1965 to 2015. There was a clear trend difference between the patients aged >50 years and <50 years. When the result was compared with that of 2005, the annual incidence of upper urinary tract stones was similar or slightly increased in patients aged ≥50 years in both male and female patients in 2015. In contrast, there was a slight decrease in the incidence in patients aged <50 years in both sexes. The peak age of a first-episode of upper urinary tract stones shifted to the 50s from the 40s in male patients and to the 60s from the 50s in female patients in the past 10 years.
When the annual incidence of first-episode plus recurrent upper urinary tract stones was assessed, a similar shift in the trends <50 years-of-age and >50 years-of-age was also observed in the past 10 years (Table S3) .
Chronological changes in the composition of upper urinary tract stones Table 4 shows the chronological changes in the composition of upper urinary tract stones. There was a slight decrease in the incidence of calcium oxalate, uric acid and urate stones, with a significant increase in the rates of other compositions of stones in both sexes in 2015 compared with 2005. The rate of cystine stones was slightly increased in male patients, whereas it was slightly decreased in female patients. Overall, the rate of struvite stones decreased to almost one-tenth of that in the past 50 years. In contrast, all specific compositions of stones except struvite remained steady through the study periods.
Treatment modalities for upper urinary tract stones Diagnostic modalities for upper urinary tract stones Table 6 shows the diagnostic modalities for upper urinary tract stones including both first-episode and recurrent stones. There was some overlap in diagnostic modalities. The proportions of patients diagnosed by X-ray, CT, ultrasound and intravenous pyelography were 41.8%, 37.0%, 26.9% and 2.1%, respectively.
Discussion
The present results showed two novel trends. First, the incidence of upper urinary tract stones in 2015 was equivalent to that in 2005. Since upward trends had continued for the last 40 years, this is the first time a stable incidence of upper urinary tract stones was seen in the history of the nationwide survey. Second, there seems to be a major shift in the treatment modalities of upper urinary urolithiasis. The proportion of ESWL reduced, whereas the proportion of PNL and/or URS increased dramatically in the past 10 years. Several reasons might explain the change in the upward trends in the incidence of urolithiasis in 2015. First, in the past 10 years, the term "metabolic syndrome" has prevailed, and more and more Japanese people have started to be aware of the importance of maintaining a healthy lifestyle. Based on the national nutrition survey by the Ministry of Health, Labor and Welfare of Japan in 2015, there was a reduction (approximately 10%) in the calorie, protein and carbohydrate intakes of both sexes in the past 10 years. 11 Furthermore, similar to the trend of urolithiasis, the stable to reduced incidence of myocardial infarction was also observed in Japanese between 2006 to 2014. 12 Second, there seems to be saturation in the numbers of diagnostic modalities in the past 10 years in Japan, such as ultrasonography and CT. A relationship between the prevalence of CT devices and the incidence of asymptomatic urolithiasis had been reported. 13 Based on the Organization for Economic Co-operation and Development database, the number of CTs in Japan was the highest in the world (150.0 per 1000 inhabitants) in 2014.
14 This result is 1.5-fold that of Australia, three-fold that of the USA and 10-fold that of South Korea in 2014. The number of CT devices showed a steady increase from 1981 to 2008, whereas the number remained relatively unchanged between 2008 and 2014. The saturation in the imaging device, especially CT, might affect the stable incidence of urolithiasis in Japan.
Another finding was that a decreased incidence of urolithiasis was seen in the young middle-aged group (<50 years) in both sexes. When comparing the body mass index in 2015 with that in 2005, the rate of overweight decreased in the 20s among men, and it also decreased in the 30s and 40s among women. 11 The reduced rate of overweight is, in some part, matched with the periodic change in the incidence of urolithiasis. However, some discrepancy was observed, primarily among women. A change in the sex-associated prevalence has been reported in the USA during the past decade. 3, 15 Multiple factors related to lifestyle, including metabolic syndrome, water intake and exercise, are thought to be related to the increased incidence of urolithiasis among older women. 3, 15 In another aspect, during the past 10 years, there was a financial crisis in 2007 and earthquake disaster in 2011 that raised the unemployment rate, especially among the young generation in Japan. Poor economic status might also negatively affect the chance of diagnosis of upper urinary stones in the young generation.
One of the interesting findings was that the peak age of urolithiasis shifted by 10 years; that is, from the 40s to the 50s in men and from the 50s to the 60s in women. This is the same age group that aged 10 years from the previous survey. Similar trends were also observed when first-episode and recurrent upper urinary stones were assessed (Table S3) . These data might represent the presence of a so-called "stone generation" that has a higher incidence of urolithiasis. This age group was born between the years 1945 to 1965. It was the time when the population increased just after World War II and experienced significant Westernization of the lifestyle with rapid changes in nutritional status, along with the development of the Japanese economy that included the socalled "economic bubble." The highest percentage of overweight and average cholesterol in men was in those aged in their 40s in 2004 and in their 50s in 2014. The highest average cholesterol in women was in those aged in their 50s in 2005 and the second highest was those aged in their 60s in 2015. 11 These data showed that "stone generations" might be related to the percentage of the population with metabolic syndrome.
To obtain precise epidemiological trends, an attempt was made to adjust the incidence based on the population in 2015 instead of 1980. The annual incidence of the first-episode upper urinary tract stones in 2015 was also almost equivalent to those of 2005 (Table S4 ). In contrast, the combination of first-episode and recurrent upper urinary tract stones in 2015 showed a slight increase compared with those of 2005 (Table S5) .
There was a remarkable shift in the treatment modalities of upper urinary tract urolithiasis. 16 As shown in Table 5 , the percentage of patients treated with ESWL decreased to 60.4% from 90.9%, whereas the percentage of patients treated with PNL and/or URS increased to 39.1% from 8.3% in the past 10 years. 16 These data might indicate the recent trends in the increased use of the flexible ureteroscope. A flexible ureteroscope can treat renal stones, including lower pole stones, which overlaps with the patients treated with ESWL. 17, 18 Furthermore, miniaturization techniques have led to the rise of minimally invasive PNL techniques, such as mini and ultramini PNL procedures. 19 Such developments in treatment modalities could affect the shift in the treatment options for upper urinary tract urolithiasis.
Regarding trends in other countries, there was an increased prevalence of urolithiasis in the world from Asia to the USA and European countries, except for one study from Iceland that showed stable prevalence. 20 Although calculated periods were different, the incidence of urolithiasis (for the first and recurrent stones) in Japan (236.2) was similar to that of the USA (164), Sweden (200) and Spain (270), whereas less than that of Germany (720). 21, 22 Recent trends in the treatment modalities of urolithiasis in Western countries were the increased percentage of URS between approximately 59.6% to 73.3% and the stable percentage of PCNL at approximately 5%, whereas there was an approximately 30% reduction in the percentage of ESWL. 20 The current data showed the relatively small percentage of PNL and/or URS (39.1%), whereas it showed a high percentage of ESWL (60.4%) in Japan.
There were some limitations to the present study. First, the data from clinics without beds were not included in this study. Thus, there is a possibility of selection bias. Second, data sheets were completed by not only medical doctors, but also by medical clerical staff, which suggests that the quality of the data might differ between institutions. Third, some changes in the method of data input in the questionnaire might affect the result. For example, there was a high rate of "others" in the compositions of urolithiasis. This increase could be the result of the change from free description type to selection type in the stone composition section. Furthermore, the reduction in the rate of calcium oxalate/phosphate stones observed in the current study might also be affected by a high rate of "others" in the compositions of urolithiasis.
Fourth, the decreased number of hospitals enrolled in the current study (301 hospitals) compared with that in 2005 (470 hospitals) might lead to an underestimation of the incidence. In conclusion, the trends in the annual incidence of upper urinary tract stones continuously increased for the past 50 years in Japan. However, in 2015, the annual incidence of upper urinary tract stones shifted from upward to flat during the past 10 years, which is the first time in the history of nationwide surveys of urolithiasis.
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